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Method for power optimization in a vehicle/train having 
an efficiency that depends on the operating point 

Description 

5 

The invention relates to a method for power 
optimization in a vehicle/train according to the 
preamble of claim 1. 

10 During the planning of journeys and the drafting of 
schedules for rail traffic, time reserves for 
unforeseen events and adverse operating conditions are 
included in the plans. Since, during real journeys, the 
operating conditions are typically more favorable than 

15 those assumed during planning, the time reserves 
created by this are available for other purposes. A 
particularly practical use of the time reserves resides 
in the saving of power by means of a suitable travel 
mode . 

20 

Previously known and used methods for power 
minimization are mostly based on the assumption that a 
travel mode comprising the constituents maximum 
acceleration - travel at constant speed - coasting 

25 maximum retardation is optimum in power terms. In this 
case, the mechanical tractive power which is needed to 
accelerate the vehicle is minimized. For verification, 
a linear dynamic train model is used, in particular no 
account being taken of any term which describes the 

3 0 quadratic relationship between speed and travel 
resistance . 



In DD 255 132 Al , this" basic assumption is expanded by 
subdividing a total route into a number of sections, so 
35 that in each section the slope resistance of the route 
is constant. 
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In EP 0 467 377 Bl, the subdivision of the overall 
route into a number of sections is introduced in such a 
way that in each section the permissible maximum speed 
is constant. The travel mode comprising the 
5 constituents maximum acceleration - travel at constant 
speed - maximum retardation is repeated in each 
section- Coasting is therefore dispensed with, 

EP 0 755 840 Al does not describe a practical method 
10 for power optimization but instead explains a general 
system structure with which power optimization can also 
be implemented. A cycle comprising acceleration 
travel at constant speed - retardation and braking is 
listed as an example. 

15 

The invention is based on the object of specifying an 
improved method for power optimization with regard to 
the time reserves included in the planning of a 
schedule of a vehicle/train. 

20 

This object is achieved, in conjunction with the 
preamble, by the features specified in claim 1. 

The advantage which can be achieved by the invention is 
25 in particular that, by taking into account the 
dependence of the vehicle efficiency on the operating 
point in the optimization algorithm, instead of the 
mechanical tractive power, it is the power primarily 
used, such as the electrical power in electric rail 
30 vehicles, which is minimized. 

An advantageous refinement of the invention is 
identified in the subclaim. 

35 Further advantages of the proposed method emerge from 
the following description. 
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The invention will be explained in more detail below 
using the exemplary embodiments illustrated in the 
drawing, in which: 



5 Figs. 1, 2 show characteristic maps of the power 

loss of typical electric locomotives, 

Fig. 3 shows an exemplary speed plot at an 

assumed constant vehicle efficiency and 
10 maximum speed, and 

Fig. 4 shows an exemplary optimum speed plot 

taking into account the dependence of 
the vehicle efficiency on the operating 
15 point, and maximum speed. 



The vehicle efficiency is the ratio between the 
tractive power provided - the output power - and the 
input power needed for this, in particular the electric 
20 power, which is drawn by an electric locomotive via a 
pantograph. The difference between the input power and 
the output power is the power loss of the vehicle. 

The invention provides for the dependence of the 
25 efficiency on the operating point to be included in the 
power optimization or for power optimization with 
regard to the time reserves included in the planning of 
a schedule of a vehicle/train, since a calculation with 
an assumed constant efficiency represents only a poor 
30 approximation to the actual optimum. In this case, the 
problem of power minimization is formulated as a 
mathematical optimization problem and is solved by a 
suitable, generally known .optimization algorithm. 

35 Optimization algorithms which are suitable for the 
proposed method are known, for example, from 
Papageorgiou : Optimierung [Optimization], Chapters 10, 
19 and in particular 20, Oldenbourg Verlag, 1996. 
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The dependence of the efficiency on the operating point 
can be taken into account via a function of the 
efficiency or the power loss as a function of important 
5 influencing variables, such as in particular the 
tractive force and/or speed and/or temperature. For 
this purpose, Figures 1 and 2 show characteristic maps 
of the power loss of typical electric locomotives. Such 
a three-dimensional characteristic map of the power 
10 loss as a function of the tractive force and the speed 
is a typical option for representing the dependence of 
the efficiency on the operating point. 

Fig. 3 shows, as a traveling diagram, an exemplary 
15 distance/speed plot - see the continuous curve - with 
an assumed constant vehicle efficiency and maximum 
speed in the individual route sections - see the dashed 
curve. The travel mode illustrated is composed of the 
known constituents, these being used repeatedly in each 
20 subsection with constant speed limitation. These known 
constituents are essentially maximum acceleration, 
coasting and braking in the first section, followed by 
"travel at constant speed" in the slow-travel section, 
followed by maximum acceleration and the change between 
25 coasting and braking to a standstill. 

Fig. 4 shows, in comparison with this, as a travel 
diagram (and determined in accordance with the 
characteristic map according to Fig. 1) an exemplary 

30 optimum speed plot - see continuous curve - taking into 
account the dependence of the vehicle efficiency on the 
operating point and maximum speed - see the dashed 
curve. The optimum, travel mode illustrated differs 
considerably from travel modes which can be determined 

35 with previously known methods (see Fig. 3) . In 
particular, in the exemplary embodiment illustrated, 
use is made of reduced acceleration, which merges 
smoothly into the braking. 
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Patent Claims 



1- A method for the power- optimal travel mode of a 
vehicle/train, the time reserves for unforeseen 
events and adverse operating conditions included 
when planning schedules being available for saving 
power by means of a power-optimal travel mode, 
wherein the dependence of the vehicle efficiency, 
defined as the quotient of the tractive power 
provided - the output power - and the input power 
needed for this purpose, on the tractive force 
and/or speed and/or temperature is used for the 
purpose of optimizing the power with regard to the 
time reserves . 

2 . A method for the power-optimal travel mode of a 
vehicle/train, the time reserves for unforeseen 
events and adverse operating conditions included 
when planning schedules being available for saving 
power by means of a power-optimal travel mode, 
wherein the dependence of the vehicle power loss, 
defined as tJie ditterence between the input and 
the output power, on the tractive force and/ or 
speed and/or temperature is used for the purpose 
of optimizing the power with regard to the time 
reserves . 
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Method for power optimization in a vehicle/train having 
an efficiency that depends on the operating point 

Abstract 

A method for power optimization in a vehicle/train, 
using time reserves included when planning a schedule, 
is proposed. In order to achieve a power-saving travel 
mode with the aid of an optimization algorithm, the 
dependence of the vehicle efficiency or the power loss 
on the operating point is taken into account. 

Relevant figure: Fig. 1 
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Als naeshstehend benannter Erfmdcr crklSxc ich hicimit an 
Eides Start; 



As a below named inventor, I hereby declare that: 



da_G mf*in Wohnsira, meine Postanschrifr und memo 

Staatsangehbrigkeit den im rmchstehenden nach meinem Narnen 
aiifgffifUhrten An gab en ervteprechen, dafl ich nach bestem Wissen 
der ursprungjiche, erste und alleinige Ertmder (foils nachstehend 
nur ein Name angegeben iat) odcr an ursprtmgHchcr, erster und 
Miterfinder (falls nachstehend mehrere Namen aufgeftlhrt sind) 
des Gegenstandes bin, fur den dieser Antrag gestellt wild und ftir 
deu den ein Patent tTir die Erfuidung nut folgendem Titel 
beantragt wird: 



My residence, post office address and citizenship ane as stated 
next to my name. 

I believe I am the original, first and sole inventor (if only one 
name 13 listed below) or an original, first and joint inventor (if 
plural names are listed below) of the subject matter which is 
claimed and for which a patent is sought on the invention 
entitled 



deren Beschieibung hier beigefugt ist, es sei derm (in dies em 
Falle ZutrefTcndea bittc ankreuzen), dies© Erfindung 



the specification of which is attached hereto unless the 
following box is checked: 



wurdc angcrneldct am / was filed on: 26 July 2000 

untcr der US-Amncldcnummcr odcr untcr der Internationalcn Anmcldcnuxnmcr im Rahmen 
des Vcrtrags ubcr die Zusarnrncnafbeit auf dem Gcbiet des Patentwescns (PCT) / 

as United Slates Application Number or PCT International Application Number: PCT/EP00/07152 
und am / and was amended on (if applicable) 3 September 2001 abgeandert (falls arutrefTend). 



Ich bestatige Mermit, dafl ich den Inhalt der oben angegebenen 
Fatent^uimeldujog, emschliefilich der Aospruche, die evcntuelJ 
dutch einen oben erwahnteri Zusatzanrrag abgeandert wurde, 
durchgesehen und verstanden habe. 

Ich erkenne mcinc Pflicht zur OrYcnbarung jeglichcr 
Irrforrnationen an die zur Prtlfung der Patentfahtgkeit in 
Einklang mit Titel 37, Code of Federal Regulations, § 1 .50 von 
Bclang sind. 



I hereby state that I have reviewed and understand the contents 
of the above identified specification, tacJuding the claims, as 
amended by any amendment referred to above. 



I acknowledge the duty to disclose informaTion which is 
material to patentability as defined in Title 37. Code of Federal 
Regulations, § 1.30, 
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Ich beanspruche hiermit auslandische Priorit&tsvorteile gemSLG 
Title 35, United States Code, § US-Code, § 1 19 (a)-(d), bzw. § 
365(b) aller unten aufgefuhrfceii Aus lands anmeldungen fox 
Fatente oder ETfmderurkunden, oder § 365(a) aller PCT 
intemationalen AnmeJdungeu, welch© wernigstens em Land 
ausser den Vereinigten Staaten von Amerika benennen* und 
habe nachsiehend durch ankreuzen samtliche Auslands- 
anmelduugen fUr Patente bzw. Erfioderurkunden oder PCT 
international c Anmeldungen angejieben, deren Anmeldetag 
dem der Anmcldung., fUr wclche Prioritai beansprucht wird, 
voiangcht. 



Prior Foreign Applications / Fruhcrc auslftndisohc Anmcldungen 

(Number) (Country) 
(Nummcr) (Land) 

DE 199 35 351.4 Germany 
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I hereby claim foreign priority undo* Tillc 35, 1 19(a)-(d) or § 
365(b) of any foreign apphcation(s) for patent or inventor's 
certificate, or § 365(a) of any PCT International application 
which designated at least one country other chan the United 
States, listed below and have also identified below, by checking 
the box, any foreign application for patent or inventor's 
certificate, or PCT International application having a filing date 
before that of the application on which priority is claimed. 



(Filing Date: tey/month/year) 
(Anmcldetag : tag/monaVjahr) 

29 July 1999 



Priority Not Claimed 
Prioritat nicht beanspruct 

□ 
□ 



Ich beanspruche hiermit Prioritatsvorteile unter Title 35, US- 
Code, § 119(e) aller US -Hilfs amneldungen wie unten 
aufgezahlt. 



I hereby claim the benefit under Tide 35, United States Code, § 
1 19(e) of any United States provisional application^) listed 
below. 



(Application No.) 
(Aletenzeichen) 



(Filing Date: day/month/year) 
(Anmeldetag : tag/ monaVj ahr) 



Tch beanspruche hiermit die mir unter Title 35, US-Code, § 120 
zustehenden Vorteile aller unten aufgefuhrten US- 
Patentanrneldungen bzw. § 365(c) aller PCT intemationalen 
Anmcldungen, wclche die Vereinigten Staaten von Amerika 
benennen, und erkenne* ins o fern der Gegenfitand ©ines jeden 
rrtiheren Anspruchs dieser Patentanmeldung nicht in einer US- 
Patentanmeldung, bzw. PCT intemationalen Anmeldung in in 
ciner gemaB dem ersten Absate von Title 35, US-Code, § 1 12 
vorgeschriebenen Art und Weise offenbart wurde, meine 
Fflicht zur Offenbarung jeglicher Jr^rrnaricmen an. die tux 
prufuns der paxentfahigkej.t m BinJdang mit Title 37, Code of 
Federal Regulations, § 1.56 von Belang sind und die im 
Zeitraum zwischen dem Anmeldetag der fhiheren 
Patentanmeldung und dem nationalen oder im Rahmen des 
Vertrags fiber die Zusarnrnenaxbeit auf dem Gebiet des 
Patenrwesen (PCT) gulrigen internationalen Anmeldctags 
bckannt geworden sind. 



I hereby claim the benefit under Title 35, United States Code, § 
120 of any United States applications), or § 365(c) of any PCT 
International application designating the United States, listed 
below and, insofar as the subject matter of each of the claims of 
this application is not disclosed in the prior United States or 
PCT International application in the manner provided by the 
first paragraph of Title 35, United States Code, § 112, 1 
acknowledge the duty to disclose information which is material 
to patentability as defined in Title 37, Code of Federal 
Regulations. § 1,56 which became available between the filing 
date of the prior application and the national or PCT 
International filing date of this application. 



(Application No.) 
(Aktcnzcichon) 



(Filing Date: dayAnouth/ycar) 
(Anmcldctag : tag/monat/jahr) 



(Status) (patented, pending, abandoned) 
(Status) (patenriert, setrwebend, aufgegeben) 



Ich erklare hiermit, daG alle in der vorliegenden Erklarung von 
mir gemachten Angaben nach bestem Wissen und Gewissen 
der Wahrheit entsprechen, und ferner daB ich diese 
eidesstattliche Erklaning in Kenntnia dessen ablege, daB 
wissenth'ch und vors&tzlich falsche Angaben oder dergleichen 
gemafl § 1001, Title 18 des US-Code strafbar sind und mit 
Geldstrafe und/oder Gefangnis bestraft werden Iconnen und daB 
derartige wissenthch und vors&tzlich falsche Angaben die 
Rechts wirks amkeit der vorliegenden PatenLanrneldung oder 
cincs aufgrund deren crteilten Patentes gefahrden KOnnen. 



I hereby declare that all statements made herein of my own 
knowledge are true and that all statements made on information 
and belief are believed to be true; and further that these 
statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or 
imprisonment, or both, under Section 1001 of Title 18 of the 
United States Code and that such willful false statements may 
jeopardize the validity of the application or any patent issued 

thereon. 
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. VERTRETUNGSVOLMACHT: Als benonnter Erfinder POWER OF ATTORNEY: As a named inventor, I hereby 

beaufitage ich hiermit den (die) nachstehend aufgefuhrten appoint the following attorney(s) and/or agent(s) to prosecute 

Patentanwalt (Patentanwaltc) und/odcr Vertreter mrt dcr this application and transact all business in the Patent and 

* Verfolgung der vorliegenden Patentarimeldung sowie mit der Trademark Office connected therewith: (list name and 
Abwicklung aller dartdt verbundenen Angelegenbeiten vor dem registration number) 
US-Patent- und Markenamt: (Namv(n) und 
RegLsTrationsnummer(n) auflfsten) 

Jason C. Abah\ Reg. No. 44.007; Mi chael J. Bell, Reg. No. 39.604;^ Stephen H Cagle, Reg. No^Sr^* Celine T. 
Callahan, Reg, No, 3iCSo*H- Jenny W. Chen, Reg. No. 44^604;' Mary S, Consalvi, Reg. No. 32,Z42^Thomas E. 
Coverstone, Reg. No.^j(5^fe-Ben M- Davidson, Reg. N o. 3 8,424:,, James F, Davis, Reg. No. r ZLQZ2> Thomas M- 
Dunham, Reg. No^jaS^SS; Alan M. Grimaldi, Reg. No^26^99r J - Jav GuiHano, Reg. No. 44^840^ Albert P. Halluin, 
Reg. No. 23,222^-Dcxck J. Jardicu, Reg. No,^idS^ Patricia A. Kammcrcr, Reg. No~-29^7?5: Christopher L. Kelley, 
Reg. NoMltZlA; John R. KcviUc, Reg. No. 4^,323* Brian S.Y. Kim, Reg. No. c 44 r 144r Viola T. Knng, Reg. No. 
4] ,131 Robert C. Laurcnson, Reg. Ng^_3^206> Joseph P. Lavcllc, Reg. No, 34rfi36jr£>w F. Livorncsc, Reg. No. 

Craig M. Lnndcll, Reg. No._.3f> 5 2B4; Christopher A. Mathews, Reg. No^3.5-,.g44; Matthew J. Moore, Reg. No. 
k ^Q12^David P. Owen, Reg. No. ^3 $ 344r-Andic w Y. Piatnicia, Reg. No. Jacobus C. Raaaex, Reg. No. 37.,043j— 

Glenn W. Rhodes, Reg. No^^l^O; Michael J. Stimson, Reg. No. 4^,422^ Jancllc D. Waack, Reg. No. 36,300: William 
K. West, Reg. No. 22J35Z^ Carter J. White, Reg. No. 41,374;, Adam K. Whiting, Reg. No^i^MtlG; Jayna R. Whin, Reg. 
No. 47,175; Karen Wong, Reg. No,J4402^-Wallace Wu, Reg. No. 453&&^Matthew S. Ziaca, Reg. No. £7,246; 
eacn an attorney or agent with, the law firm of HOWREY SIMON ARNOLD Sc WHITE, and all other practitioners 
associated with USPTO Customer No. 22930 as its attorney or agent so long as they remain with such law firm 

Postanschrift / Send Correspondence to: 
Davic tR«-Qwen 

Howrey Simon Ar nold & White 
Cit vPoint, One Ropemaker StxeM 
London EC2Y 9HS, England 

Tclcfonischc Auskunftc: (Name und Telejbnnummcr) I Direct Telephone Calls to: (name and tvlvphonz number) 

01 1 44 20 7628 3303 (please note: this is a telephone number is in London, England) 




Vot- und zj^o^^^^^izigen odcr crstcn Brnndcrs/Full name of sole or first inventor: 
RUDIGER FRANKE 



Unterschrift des einzigen oder ersten Erfmders / Inventor's signature: ^CjTL^y^^ Datum / 

Date: /)7 ^O07 0 



Wohnsitz / Residence: Fritz-Frey-Strasse 2, 69121 Heidelberg. 



Staotsangehorigkeit / Citizenship: DE 




Postanschrift / Post Office Address: 



Vor- und Zunaxne des zweiten Erfmders (falls zutreffend) / Full name of second joint inventor, if any: 

PETER TERWTESCH 



Unterschrift des zweiten Erfmders / Second inventor's signature: Datum / Date: 



Wohnsitz /Residence: Gartenweg 459, CH-5512 Wohlensehwil, Switzerland 



Staatsangchorigkcit / Citizenship; CH 



Postanschrift / Post Office Address: 
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; V^RTRETUNGSVOLMACHT : Ais benanater Erfinder POWER OF ATTORNEY: As a named inventor, I hereby 

bcaufrrage ich hiermic den (die) nachstehend aufgefuhrten appoint the following attomey(s) and/or agenc(9) to prosecute 

Patentanwalt (Patentanwalte) und/oder V ertreier mit der this application and transact all business in tbc Patent and 

" Vcrfolgung der vorliegenden Patentanmeldung sowie mit der Trademark Office connected therewith: (list name and 
Abwicklung allcr damit verbundenen Angelegenheiten vor dem registration number) 
US -Patent- und Marfcenarnt: (Namafa) und 
ReQlstrationsnummer(n) auflisten) 

Jason C. Abair, Reg. No, 44,007; Michael^ Sett, Reg, No. 39,604; Stephen H. Cagle, Reg. No. 26,445; Celine T. 
Callahan, Reg. No. 34,301; Jenny W. Chen, Reg. No. 44,604; Mary S. Consalvi, Reg. No. 32,212; Thomas E. 
Coverstone, Reg. No. 36,492; Ben M- Davidson, Reg. No. 38,424; James F- Davis, Reg. No, 21,072; Thomas M. 
Dunham, Reg. No. 39,965; Alan M. Giimaldi, Reg. No. 26 7 599; J. Jay Guuiano, Reg. No. 41,810; Albert P. Halluin, 
Reg. No. 25.227: Derek J. Jardieu. Reg. No. 44.483: Patricia A. Kammerer. Reg. No. 29,775; Christopher L. Kelley, 
Rep. No. 42,714; JohnR. KevlUe. Reg. No. 42.723; Brian S.Y, Kim, Reg. No. 41.114; Viola X- Kung, Reg. No- 
41,131; Robert C. Laurenson, Reg. No. 34,206*; Joseph P, Lavelle, Rejz. No. 31,036; Don b~. Livornese, Reg. No. 
32,040; Craig M. Lundcll, Reg. No. 30,284; Christopher A. Mathews, Reg. No. 35,944; Matthew J. Moore, Reg. No. 
42,012; David P. Owen, Reg. No. 43,344, Andrew Y. Piatnicia, Reg. No. 40,772; Jacobus C. Rasser, Reg. No, 37,043; 
Glenn W. Rhodes, Reg. No. 31,790; Michael J. Stinwon, Reg. No. 45,429; Jancllc D. Waack, Reg. No. 3(5,300; William 
K. West, Reg. No. 22,057; Carter J". White, Reg. No. 41,374; AdW K. Whiting, Reg. No. 44,400; Jayna R. Whitt, Reg. 
No. 47,175; Karen K. Wong, Reg. No. 44,409; Wallace Wu s Reg. No. 45,380; Matthew S. Ziscs, Reg. No. 47,246; 
each an attorney or agent with the law firm of HOWREY SIMON ARNOLD & WHITE, and all other practitioners 
' associated with USPTO Customer No. 22930 as its attorney or agent so long as they remain with such law firm 

Postanschrift / Send Correspondence to: 
David P. Owen 

Howrey Simon Arnold & White 
CityPoint, One Ropemaker Street 
London EC2Y 9HS> England 

Telefonische Auskunfte: (Name und Telefonnummer) / Direct Telephone Calls to: (name and Telephone number) 

01 1 44 20 7628 3303 (please note: this is a telephone number is in London, England) 



r 



Vor- und Zuname des einscigen odex er£ten Erfanderfi/Full name of sole or first inventor: 

RUDIGER FRANKE 



Untcrschrift des cinzigen odcr crstcn Erfindcrs / Inventor's signature: Datum / 

Date: 



Wobnsitz: / Residence: Fritz-Frey-Strasse % 69121 Heidelberg, Germany 



Staatsangeh5rigkeit / Citizenship: L>E 



Postanschrift / Post Office Address; 



Vor- xin^^JunarrSSfes zweiten Erfinders (falls zutre fiend) / Full name of second joint inventor, if any: 

fet^SkTerwiesch 



Unterscbrift des zweiten Erfindejt's / Second inventor's signature: Xs. ^— ■ Datum / Date: 2$0Zr-C?S~2^& 




. 

WohnsitK/ Residence: Gartenweg fi5ty, CH-5512 Wohlenschwil, SwitzerlamL 



Staflisongehoriglceit / Citizenship : / - CI If ^ (~ 




Postanschrift / Post Office Address: 
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Vor- und Z unnm c des dxjtfccn Erfrndcrs^tfalls zaitxcfYcnd) / Full name of third joint inventor, if any; 
MARKUS MEYER 



Unterscruift ties dritten Erfinders / Third Inventor's signature: 



Datum /Date: l^oT. ^G£~ m ^~lS' 



Wohnsitz/ Residence: Hochweidstrassc 7, CH-6030 Ebikon, Switzerland 



Staatsangehongkeit / Citizenship: CH 



Postanscbrift / Post Office Address: 



Vor- und Zunamc des vicnen Erfinders (rails zurrerTend) / Full name of fourth joint inventor, if any: 
CHRISTIAN KLOSE 



Unterechrift des vicrtcn Erfiadcrs / Fourth inventor's signature: 



Datum / Date: 



Wohnsitz / Residence: Starwcg 28, 14774 Brandenburg a.d. Havel, Germany 



Staatsangehfirigkeit / Citizenship: DE 



Postanschrift / Post Office Address: 



Vor- und Zuname des funften PMInders (fall3 zutretXend) / Full name of fifth joint inventor, if any: 
KARL-HERMANN KETTELER 



Unterschrift des filnften Erfinders / Fifth Inventor's signature: 



Datum / Date: 



Wohnsitz / Residence: Schwachelerstrasse 29. CH-5314 Kleindoltigen, Switzerland 



StaabangeliOrigkeit / Citizenship: CH 



Postonschrift / Post Office Address: 



Vor- und Zunaxnc des sechsten Erfinders (falls zutrerTend) / Full name of sixth joint inventor, if any: 



Unterschrift des sechsten Erfinders / Sixth inventor's signature: 



Datum / Daie: 



Wohnsitz / Residence: 



Sta3.tsangehdrjgkeit / Citizenship: 



Postanschrift / Post Office Address: 
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Vor- und Zunainc des drittqn Erfinders (falls zutrcfXbnd) / Full name of third joint inventor, IT any: 
MARKUS MEYER 



Unterschrift des dritten Erfinders / Third Inventor's signature: • Datum / Date: 



Wohnsitz / Residence: Hochwcidstrasse 7, CH-6030 Ebikon, Switzerland 



StaatsangehOriekeit / Citizenship: CH 



Postanschrift / Post Office Address; 



Vor- und Zunamc des vicrtcn Erfinders (falls zutrefTend) / Full name of fourth joint inventor, if any 
r-TT^TSTT AJV K3LOSK / / — -(/[) 

Unterschrift des vicrtcn. Erfinders / Fourth inventor's signature: f {J^ JL^ [jJ?-*&*^_^ 



Datum /Date: 



Wohnsits / Residence: Aftrwcy4>.g_ 1/1771 ttrnoHinlrmrjT n H EEfiaed SflOBaB^ fc 



Staatsangehfirigkeit / Citizenship: DE 



Postanschrift I Post Office Address: 




Vor- und Zuname des funffcen "Erfinders (falls zutreffend) / Full name of fifth joint inventor, if any: 
KARL-HERMANN KETTELER 



Unterschrift des funften Erfinders / Fifth Inventor's signature: Datum / Date: 



Wohnsitz / Residence: Schwachelerstrasse 29. CH-5314 Klemdolti gen, Switzerland 



Stsxatsangehorigkeit / Citizenship: CH 



Postanschrift / Post Office Address: 



Vor- und Zuname des sechsten Erfinders (falls zutrerTend) / Full name of sixth joint inventor, if any: 



Unterschrift des sechsten Erfinders / Sixth inventor's signature: Datum / Date: 



Wohnsitz / Residence: 



StaaWangehorigkeit / Cilizcnship: 



Postanschrift / Post Office Address: 
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' | Vor-* ujtd Zunarne des drittej* ErUnUers (falls fcutreHend) / Full n*ine of third juint inventor, if any; 

MARKUS MEYER % ^ 



Umerschrift des dritten Erfinders / Third Inventor's signature: * Datum / Date: 

- 7 ■ , : , 



Wohnsitz /Residence: HochweidStrasse 7, GH-6030 Ebilcon, Switzerland 



Staatsangehdngkeit / Citizenship: CH p , {t . 



Postanschrift / Post Office Address: 



Vor- und Zuname des vicrtcn ErfHidcrs (falls zutreffend) / Full name of fourth joint inventor, if any: 
CHRISTIAN KLOSE 

TJnterschxift des vierten Erfinders / Fourth inventor's signature: Datura / Date: 

Wohnsitz / Residence: Starweg 28, 14774 Brandenburg a.d. Havel, Germany 

; ■ — 

Staatsangehorigkeit / Citizenship: DE 

Postanschrift / Post Office Address: 



Vox- und Ztmai^^ies^^K^ii Erfinders (falls zutreffend) / Full name of fifth joint mventor, if any: 
KARL-HEI^IAINIV KETTELER ^^, 
Unierschrift des funften Erfinders / Fifth Inventor's signature: l£~*^f ^jfjf B^CiS^ Datum / Date: J j^^T. Z&o2 - 



Wohnsitz / Residence; SchwSchelerstrasse 29, CH-5314 iQcuidolti^cai . Switzerland 



Staatsangeharigkeit / Citizenship! CH 



Postanschrift / Post Office Address: 



Vor- und Zuname des sechsten Erfinders (falls zutreffend) / Full name of sixth joint inventor, if any: 



TJntcrschrift des sechsten Erfinders / Sixth inventor's signature: Datum / Date: 



.Wohnsitz / Residence: 



Staatsangehfirigkeit / Cirjzenslnp: 



Postajaschrirr. / Post Office Address: 
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